Introduction {#S1}
============

Evidence-based medicine is "the conscientious, explicit, and judicious use of current best evidence in making decisions about the care of individual patients."^[@R1]^ Scientific and technological advances in clinical research enhance the practice of evidence-based medicine but this research focuses almost exclusively on diseases and conditions affecting people living in resource rich countries.^[@R2],[@R3]^ To increase knowledge of endemic infections and diseases of regional and global importance, clinical neurological research in developing countries is necessary.^[@R4]^ Unfortunately, resources to train clinical researchers in developing countries are often limited.

Development of clinical researchers in any country requires mentoring, training in research methodology, bioethics, data analysis, and many other research-related activities.^[@R5]^ The Institute of Medicine noted five barriers to successful development of a career in clinical research: lack of protected time, insufficient training in research methodology, lack of mentors, emphasis on basic science rather than patient-oriented research; and high student debt.^[@R5]^ In the developing world, these barriers are accompanied by a paucity of robust information regarding diseases endemic to the country, lack of access to medical literature, a weak or nonexistent research infrastructure, and low physician wages.^[@R4],[@R6]--[@R8]^ In addition, in resource-poor countries such as Peru, most physicians receive compensation only for patient care and teaching activities; opportunities to receive compensation for conducting clinical research are limited, and few neurologists participate in clinical research.^[@R9]^

Distance learning provides a practical solution to overcoming the time, expense, and geographical barriers of traditional classroom training. Web-based tools allow didactic content delivery, collaborative projects, assessments and evaluations at times convenient to trainees; trainees can take part in synchronous or asynchronous chat-room discussions with other trainees and instructors and use on-line resources in conjunction with live training sessions to reduce training time.^[@R10]^ Compared to classroom training, students rate web-based training equivalent in terms of knowledge gained, but some studies report less satisfaction with instructor rapport.^[@R11],[@R12]^ Studies in the field of neurology report web-based simulated clinical encounters may be more effective than traditional teaching methods for teaching core competencies and clinical skills.^[@R13],[@R14]^ Although many neurological societies and universities offer web-based resources, training opportunities, and recorded lectures, programs for teaching clinical research on-line are not widely available ([Table 1](#T1){ref-type="table"}). The Supercourse offers free access to a library of 4 133 lectures in 31 languages, including clinical research methodology.^[@R15]^ The Universidad Nacional Mayor de San Marcos offers free access to lectures in epidemiology and clinical research methodology in Spanish, as does the Pan American Health Organization.^[@R16],[@R17]^ The National Institute of Health offers an on-line Introduction to the Principles of Practice of Clinical Research to sites in Washington D.C., Mexico City, and Lima, Peru.^[@R18]^ The authors are not aware of any web-based certificate or diploma courses in clinical methodology.

Table 1Web-based resources for neurology and clinical research methodology.TopicUniversityWebsiteNeuropathologyUniversity of Oklahoma<http://moon.ouhsc.edu/kfung/JTY1/index.htm>Neuromuscular diseasesWashington University[www.neuro.wustl.edu/neuromuscular/index.html](www.neuro.wustl.edu/neuromuscular/index.html)NeurogeneticsUniversity of Washington[www.ncbi.nlm.nih.gov/sites/GeneTests/review?db=GeneTests](www.ncbi.nlm.nih.gov/sites/GeneTests/review?db=GeneTests)NeurosurgeryUniversity of Maastricht<http://wiki.cns.org/wiki/index.php/Main_Page>Neurology trainingWorld Federation of Neurology<http://www.wfneurology.org/default.php>Neurology trainingEuropean Board of Neurology<http://www.uems-neuroboard.org/ebn//index.php?option=com_wrapper&Itemid=66>Repository of clinical methodology lecturesSupercourse, University of Pittsburgh<http://www.pitt.edu/~super1/>Repository of clinical methodology lecturesUniversidad Nacional Mayor de San Marcos[http://www.epiredperu.net/epired/ppt_list.htm (in Spanish)](http://www.epiredperu.net/epired/ppt_list.htm(inSpanish))Repository of clinical methodology lecturesPan Amercian Health Organization[http://www.campusvirtualsp.org (in Spanish and English)](http://www.campusvirtualsp.org(inSpanishandEnglish))

In Peru, physicians who complete specialization training in neurology and register with the Peruvian Medical Association are considered as neurologists. In September 2004, 254 (16%) of the 15,616 registered physicians in Peru were neurologists: 191 men and 63 women. The Peruvian Society of Neurology, Psychiatrics, and Neurosurgery regulates the training of neurologists. Physicians aspiring to become neurologists must provide medical care on a neurology ward for two years, attend conferences of the Peruvian Neurologic Society for two years, and submit a curriculum vitae for review by a committee composed of representatives from the Peruvian Medical Association and the Peruvian Neurologic Society.^[@R19],[@R20]^ No assessment of barriers to clinical research training for Peruvian neurologists has been conducted. To better understand these barriers, we surveyed and interviewed neurologists regarding their perceptions of the needs and opportunities for enhancing clinical research in Peru.

Materials and Methods {#S2}
=====================

A distribution of neurologists registered with the Peruvian Medical Association was obtained from the Medical College of Peru ([Figure 1](#F1){ref-type="fig"}). Of the 254 neurologists registered with the Association, 185 (72.8%) work in Lima. The two cities with the next greatest numbers of neurologists were Arequipa (16 neurologists) and Trujillo (21 neurologists). For this study, we had funding to support interviewing in Lima and one city in the provinces. Arequipa was chosen because it is the second largest city in Peru. In Lima, participating neurologists were recruited from the following sites: Institute of Neurological Sciences, Ministry of Health, E. Rebagliati EsSalud Hospital, Air Force Hospital, Stella Maris Private Hospital, and a private doctor\'s office; in Arequipa, neurologists were recruited from Honorio Delgado Hospital, Ministry of Health Hospital, Carlos Alberto Seguin EsSalud Hospital, III Yanahuara EsSalud Hospital, and EsSalud Metropolitan Polyclinic.

Figure 1A distribution of neurologists registered with the Peruvian Medical Association.

Survey instrument
-----------------

The objective of our survey was to identify the following factors: level of training received in research methodology, importance of increasing research capacity in Peru; existing barriers and potential solutions regarding research in neurology, priorities for training and infrastructure improvements for neurological research, priority topics for research in neurology, and best methods for providing training in research methodology.

To develop the survey instrument, a study neurologist and an epidemiologist interviewed two neurologists conducting clinical research in Lima to identify key topics in training and clinical research and better understand the barriers and needs encountered by neurologists interested in clinical research. They next developed questions to expand on these identified issues and met with the same neurologists to clarify ambiguous questions and terminology. Then a study interviewer trained in public health research was instructed regarding neurological terminology and how to administer this survey. Neurologists involved in the development of the survey were not interviewed in the final survey.

After obtaining permission from the chief of neurology at each site, the interviewer met with each neurologist at the site to invite him or her to participate. If a neurologist agreed to participate, the study interviewer obtained verbal consent and general demographic information and then explained that the first section of the survey regarding perceptions of research and training would be self-administered and anonymous. The interviewer was available to answer any questions, and the survey contained no identifying information other than noting the city where it was administered.

The second stage of the survey included an in-depth oral interview to capture additional information that required open-ended questions to avoid biased answering of questions. Oral interviews were recorded without personal identifiers and later transcribed. The written and oral surveys were administered in Spanish by the same interviewer.

Neurologists were asked to rate the level of training received in neurology and research using the following Likert-value scale: None or scarce trainingLittle trainingSome trainingAdequate trainingExcess training

NA None of the above.

Neurologists were asked to rate the importance of training in neurology and clinical research using the following scale: Not importantSlightly importantImportantVery importantExtremely important

NA None of the above.

Data analysis
-------------

For the quantitative assessment, data were entered into an Excel spreadsheet and then translated into SPSS (Version 11.0 Chicago, Il, USA) for statistical analysis. Analyses of sociodemographic characteristics and topic rankings were performed using SPSS. For the qualitative assessment, transcribed information from each interview was reviewed to identify recurring themes. Answers then were organized into the following identified themes: problems in clinical research, potential solutions to identified problems, training priorities, needs for research training and capacity building, other professionals in need of training, types of training desired, and research topics of interest. Answers in each theme were analyzed for recurrent similarities, differences, and unique answers. Themes and answers were compiled and represented in textual or tabular form.

Results {#S3}
=======

Between September 2004 and April 2005, 48 neurologists participated in written and oral surveys: 37 (20% of neurologists) in Lima and 11 (69% of neurologists) in Arequipa. Of the 254 neurologists in Peru, 48 (19%) participated in the survey; 37 (77%) were male and 11 (23%) female. Most (42%) neurologists in Lima were employed at the Institute of Neurological Sciences. More than half (54%) of neurologists in Lima and Arequipa worked at more than one site, most in private clinics. Most (69%) also taught residents or medical students, and nearly half had academic appointments ([Table 2](#T2){ref-type="table"}).

Table 2Employment characteristics of Peruvian neurologists by age bracket.Age(years)Distribution of Age n (%)Academic Position n (%)More than one job n (%)31--4022 (45.8)21 (43)21 (100)41--5013 (27.1)13 (27)10 (76.92)51--6011 (22.9)13 (27)8 (72.72)Older than 602 (4.2)1 (3)0 (0.00)

The topics with the lowest perceived level of training (less than "adequate" according to the rating scale) were: management of financial resources, situational analysis, data collection, program analysis for supervisors, needs assessment, strategic planning, and research program development. Epidemiology received the highest ranking of training topics. Clinical research topics rated as important (rating score \>4) included: ethical conduct of research, research methods, research with vulnerable populations, and design of epidemiological studies ([Table 3](#T3){ref-type="table"}).

Table 3Perceived quality of current and future training needs.Current TrainingSome training (score \<4)Little training (score \<3)No or scarce training (score \<2)Data analysisDevelopment of research protocolsBudget managementDesign of epidemiologic studiesBioethicsSituational analysisHealth economicsData entry and managementInvestigational methodologyScientific writingPrinciples of biosafetyCritical analysis of scientific literaturePrinciples of biostatisticsGrant writingPrinciples of epidemiologyProgram analysisStrategic planningPolicy developmentTraining NeedsVery important (score \>4.5)Important (score 4--4.5)Development of research protocolsPrinciples of epidemiologyInvestigational methodologyPrinciples of biosafetyBioethicsPrinciples of biostatisticsDesign of epidemiologic studiesScientific writingCritical analysis of scientific literatureBudget managementGrant writingData entry and managementSituational analysisProgram analysisPolicy development

Neurologists identified the following research skills as highest priority: development of research hypotheses and protocols, needs assessment, situational analysis, data collection, program analysis, and strategic planning. Other important topics were epidemiology, quantitative and qualitative research methods, and statistics. To enhance the existing research infrastructure, neurologists suggested that institutions should provide neurologists with protected time and financial compensation to pursue research activities. Many neurologists also felt that the government should stimulate clinical research by creating a neurological disorders database for each region of the country, by coordinating efforts to improve training on research methods for health professionals, and by increasing wages to allow physicians to pursue research activities. The responses to some of the qualitative questions are listed below each question, by city.

Question 1: In your opinion, what are the main problems limiting clinical research in Peru?

Neurologists in Lima answered: Few hours are available for research as demands to perform clinical care are high.Time spent conducting research is usually not compensated, so physicians are not motivated to participate as they must earn a living.Hospitals are designed to provide clinical care and research is not a priority.Researchers have limited external economic support.Institutional support of research training is lacking.Research offices and resources to conduct research at hospitals to support neurologists interested in research are lacking.Research is not considered part of medical work or recognized as criteria for promotion.The health system does not address needs of the community.No information is provided by officials regarding national statistics for neurological disorders.Community Medicine and Public Health are not incorporated into medical school curricula.

Neurologists in Arequipa answered: Resources to conduct research are scarce and insufficient.Only universities in Lima have international collaborations and support.Professionals do not receive adequate training.Training in statistics is lacking.Interest in clinical research is limited.Educational and research opportunities are lacking.Time for participation in clinical research is limited by demands of clinical care activities.

Question 2: What are the potential solutions to these problems?

Neurologists in Lima answered: Better training in research methods.Research methods courses should be offered by a tenured professor.Research projects should cover various fields, ranging from epidemiology to clinical trials.Everyone working in the health sector, at all levels, should be made aware of the importance of research to improving clinical care.Better compensation for clinical care to allow time to conduct research.More physicians should be hired to permit time to participate in research activities.Institutions and section chiefs should develop and run research programs.Institutions should provide compensation for participation in research activities.Better coordination of the health system.Improved collection of basic information regarding morbidity and mortality of neurological disorders.

Neurologists in Arequipa answered: Universities must seek international collaborations.Time should be made available to conduct research.Universities should include research methodology in medical school curricula.Institutions should provide resources for research.Physicians should be encouraged to perform clinical research.There should be collaboration between neurologists to conduct research.National statistics regarding neurological disorders should be available.

Question 3: In your opinion, what are the training priorities for Peru?

Neurologists in Lima answered: Scientific research methods for quantitative and qualitative research.Study design and protocol implementation.Grant application writing.Research and teaching.Epidemiology and statistics.Biology and immunology.Public Health.

Neurologists in Arequipa answered: Scientific research methods.Statistics.

Question 4: In your opinion, what forms of training would best meet your needs for clinical research training?

Neurologists in Lima answered: Distance learning courses via the internet.Courses.Workshops.Seminars.

Neurologists in Arequipa answered: Distance learning via the internet.Theoretical classes.Workshops.Self training.One-on-one training with a research mentor.

Discussion {#S4}
==========

Clinical neurological research in developing countries is essential for better understanding of endemic infections and diseases of regional and global importance, for integrating basic science discoveries into advances in patient care, and for advancing professional development. In Peru, neurologists identified the main barriers to participation in clinical research as: inadequate resources, inadequate methodological training, limited time to conduct research, lack of institutional support, absent national statistics on neurological disorders, and economic situations requiring they work more than one job. Not surprisingly, many of these barriers are similar to those confronted by neurology residents in the United States.^[@R21]^ Peruvian neurologists also felt that universities should help seek research funding through national and international collaborations.

One limitation of this study was the involvement of slightly less than 20% of Peruvian neurologists, thus limiting our ability to generalize our findings to all Peruvian neurologists. However, given the high likelihood that neurologists throughout the developing world face similar barriers to developing careers in clinical neurological research, our findings can be used to guide development of new clinical research training programs. Incorporating research methodology training with a practical mentored clinical research experience and protected research time provides the greatest hope for increasing clinical neurological research in Peru and perhaps in other developing world settings.^[@R8],[@R21]^

Academicians have identified four essential elements of a successful clinical neurology research training program: i) a 2- to 3-year clinical research fellowship with appropriate courses in methodology; ii) protected time as a junior faculty to allow development into an independent researcher; iii) an environment with mentors who have successfully obtained research funding; and iv) a sufficient number of collaborators with existing research programs to provide junior faculty with clinical research opportunities.^[@R22]^ Although protected time and well-developed research programs are uncommon in Peru, neurologists are interested in clinical research and desire opportunities to participate in clinical research. Limited time to participate in traditional university-based postgraduate training programs makes web-based courses and short conferences attractive training options. Web-based programs could provide training opportunities to locations with limited educational opportunities where neurologists have limited time for training. Increasing access to the internet throughout the world makes on-line training an attractive method for teaching clinical research methodology; collaborations between academic institutions and international neurological associations may provide the strongest partnerships for developing on-line diploma and certificate courses for training neurologists and other health professionals in clinical research methodology.
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